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excretionlevels Or ce6i~Y & ~tm~$i,fl~~ m~tid f_ MLlrCh1954

thrmgh ML* 19S3. Zinc65 levels were fimt m-u.!redin 1958 emples.

!wmRINs Am maDs.

One hundredcad forty one indfvidw L-iM oc,cplescollec’d frm 2k Uarch

1954 thra%h 7 Se?tecber1954 W= obtainedby the ikalthand S-dety I.aboratoV,
1

~. Wine Vd.U=O == Sti (abut 350 al) a.miit w WC(18eF3J_YtO POO1
\

aeaplcs TM8 VM dcma acconiing ta tk e.GYor the nubJect6aad 19 smplea of

Pled u.rti ham meayed. A 57 llwr p-xlcdurine SNHPICf- RoKu3c1RP~
!

COllC-:tCdad Mswed in 1956 (3). Three pooledsmples and seven individual

Ga.=PIc.swm -say’cd in 1957. Thirty ln~~’fidw.lurine mcmplesmm nsmywd in

1958.

In sqles collectedin 195k and 1977 cesl>fl w e.cave.n&dby nickel

fe.rrocytidm(urinemuia strm&l.ymlimline)and cmmted in m crystal well coun+-r.

A tvwntyc-l gcmaa-mcy spectx-mw cletemin.edCor each swq.le & the ceslm
1~

photo spcctr.mcount rate used. The 1958 seuplefivere asaqed directlyfor Csl~,

~65, @ @ in 2,5 ~~~r ~lmt~c ~onta~nem pl,.,d.Dan8 X 4 inch (l’EIactivated)

aod.lumiodide Cryet.s.l.The activityfor each radi+isotape van determinedby

g--r-q -9pctrd Sndysis Sample activitiesmm cmpat-edvith know mdlO-

actives+~ (f 5 percent) ccunt.edin the sum gecametry.

Stmnti@ VM p~clpitatid frm urine as the cerbonati. Yttriu@ has

6epara+wdarxlIdentifiedby itn h.a.lf.llfcusingthin walledEM flow countem.

Urine samplesvere correctadfor rndlo-actiw decay t-ath4 t- of collection.

The= :3 scm uUCert61Dtyas to tt.eca@et.ene6B IJ.Mthe dumtlon of the

over vtdcb sanplenveto collected.xx3thereforetventy-fmr hour urine VOIWML?

arc not accLzta4 knovn. PotX@6im@ exc=tlon, using %3 d/m or 2 P K/’dny

iuticutcsm ave~ daily volw of about l:W ml (f 56 percent). It ma cm-

ven.ienttc u8e one liter m an average21+hour Line vol~ and to express radlO-

asae.ysin ticrcm.fcr.xurlea~r li%er,

,
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RSWL1’S AND DISCUM1ON

Cesiun137 =:crttion Levels and 3cxiyBurden

%e urinory excretion levels of ceaim137 for the yems 1954,1957,u ~958

are SIIOVIIin Tables 1 - ~. on24- 25 M-arch,195b,themm excretionlevelof

ce31uJ.37forall we ~rcmpsVU9 4C5 uuc per liter. With en e.xcmtion rata of

0.4-6~ment (4) of cesium137 bcdy burden per 24 hours, the man b+ burden

frm fallout 24 - 25 daysafter exposure =s k05/4.6x-10-3x 106 or 88 muc

(i 54 percent). This value is about 20 times the averr@ bcdy burden reported

by Z. C. Andemon, et al (5,6) for people aefiawd &wing 19s6 - 1957 la t&

United Staten. The cesid~ urinary excretion levels for the sti monttm follov-

irg e.xposum can be expressed as m exponential function, and a beet line of

fi: L-awn through the bta regulted in a half tins for elimination of about

110 clays(Fig 1). A biological half tbe of about lti days has &en observed

on vcluntccrs vho Iwested one nicrocurie of mdlo-ceslum (4).

7MM the 1957 C6i~ excretion levels (Table 2) the Rongelap group exposed

to fnllwt VFW est~ted to have m average bud.en of about 7 IUUC,whemaa the

Rorwclap control group .’nsabout 2 Eac. Bcdy b~~en in either group in 1957

18 c~blc to levels measmd in the U. S. population (6). Vit.ka halftb

for elh.ination of the oxder of 150 tiys, the bdy burden of the exposed Rongelap

group zhould have decres.sedfmm the March 1954 level to 7 MUC h *OUt 550 dAY,

or lati in 1955, A b~ burden of 7 mc for this gruup in N8rch 1957 could then

idicate a continui~ crpmucw to Csl~ duri~ 1956of tbe order of 32 micro-

microcurics per day from stratospheric-tro~spheric fallout vhile resid-iIwon

MaJum .

Since the Utirik group w.a returned to thair atoll in 1954, the uean body

burdenin 1957was elevated to an estimated 337muc,game48 tinestheCS137

burden of the expozod Rongelap people vtIoreairledon Ma,)uro. This long reei&ncy

time oo Utlrik atoll @&r fallput contamination, fficcxnpmd to the excretion
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rate of Cslg ehcu.1.dkm

estimted daily intaks of
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mstited in finequilibrated Cs137 burden, @.th an

about 15[0 uuc o? CS137 h“ortunat-=ly no 6yatcmtic

survey Of foodstuffs gr~a on these atolls has been reported. Data avnileble,

hovever show that caconut ~rovn on Ron&lrIp contained about 9 uuc C8 in per

grin, and arrovroot (W.lrtk) contained e-bout8 uuc CS137 per gram. ‘lw ~ilY

intake Of several hundre? grrcw of either staple would be sufficient to account

for the 1957 excretion le~el in the Utlrik group.

The Rorxylap groups had been resettled for about tine months at thetine

137 ~of the ia:ch 195P med::e-1$ur/ey, snd ur>mry excretion levels of CS

incrcmed about one hun~-ed fold over 1957.levc16. Mm body burden <or the

two groups at this tbe sw 0.9 uc (t 27 percent) and 1 2 uc ($ 47 Frccnt)

(Tables 3 and 4) ~esiml 37 ~~ bufien ~ have equilibrated by late 19s8 ‘d

pr.edlctcdburdens vere about 1.3 end 1.6 uc respectively

~trontim90
Excretion Levels @ Body Buticn

Urinary excretion levels of strontiu#O m presented in Tables 1, 2, ad 3.

Tbe .tront:u#O excreticn level in 1956was.0.5 uuc/liter as detemined in a

pooled su.-rpleof 57 li-ters FiiW-C 2 ohm-s the excretion of S#O fOr t~e three

years folloti.ngftilou? eqosu.m, Althougk there 1s considerable v~latlon in

the dnta for the vcuiws agc groups at emrl.ytfr,es, mean values for all groups

plotted sup~est tbct the excretion pattern can be eXp~6scd conveniently as the

sum 0? two expocrentialterm The larger portion of’9}0 w exc~ted vith a

half tine of ebout b; cays, and a WZCL1 fraction. 2C percent, vw e~cm~d ~lm a

half time of about 5X 5EYS. This is 6inllu to COv-m’s (7) urimrf excretion

ntudy of m accident ca=s involvins itied Sr9°.

137 ~eve~=, ~h~ =Xcwtion lewl.$ of ~~& vus noted ic zhe March lT58 CrJ
clc

were alsc lncreasc~ tc 3 j-h o/G.2, or abou: 20 fol?. Since CS13T levels in-

crc~se~ ~YX - j~::~jk, or abmt IILOfold, the mtio is &bout seven in favor of

cMiLTL3~ ‘#” cx.reticm levels in 19j8, it -SWith the increcwes in urinaq’ a



“

1334 FALLOUT FROM NUCLEAR WEAPON TESTS
.

pertinent to estinmta bcdy burden, burden ●xpectd at equllilx’iua,and daily

intaka of 32° Q-am these excretion levels.

T?M metabolic behavior of strontium aa outlined in Supplement X of the

British Joumd of Radiology vru used m estlmite bc.iy btien, etc. fmu wI-

excretion levels of stmntlu@ (Appen@ ). The fraction of strontium ●bsor’sed

frcxntha ge.etro-inwstinal tract is 0.6 and the biological excretion rnta frm

t~ total body is 19C daye. Of the absorbed fraction, 0.25/O.&I, about @ p?r-

cent IS deposited in bone aridthe biological half-life is &IXI dnys. A#sumlng

that the absorbed fraction is excreted entirely in urine, the mean bndy burden

of the exposed Rongelap group in March 1958 was 2 EIUC(i 52 percent). This is

~bout nine percent of the expcted equilibrium value of 23 nmc. The eattit-$d

bunien of ntrontiu# for March 1958 is probably too low ad cmrpares with

leve16 measured in stilJbom children in

daily inteke of strontiu#O 16 estimated

Sune.hineUUit6 (MOtiLS u ‘idly CdCiUQ

the U. S. several years ago (8), The

to be about 15 micrmlcrocties or 15

intake of one gram).

Dunning (2) rcpofl.cdthat the average concentration of 6tmntium9° in tbe

Marshr.llesefood auppQ could be about @ Sunshine Units, but this would reduce

to well under 1(XI.9uashincUnits if the consumption of high Sr9° content foods

vem eliminated. With the elimimtion of pamlanuaaridlandcrabs the diet used

by Durming Indicntad that the intake of stronti# vould be 17 Sun8hioe Units

per dw. ‘l’his ccuupwea favorably vitiithe esti.m.cted intakn of about 15 RAIcro-

mlcmcu.rles frcm excretion ma.lyaia.

In early 1957 Miller (9) detected Zn65 in selectxd residents of Rongelap

ad Utirlk by vbole by gamia-ray spectrcmctry. 3cdy burden ranged frun ~. 5

to 73.0 mc for the Rmgelap residents, and 4.!32and 22g EJUC V.M detected in tvo

subJects fruu Utirl.k. 7he Rongelap aubJectG vere ~aiding on MaJum at th.iat-.
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Miller obtained an effective half-time of 110 daye for the elimination of

Zn65, and for the two .subJectsfrom lJtirikthe urinary to fecal ~C~tiOn ~tio

w-as 1/9.

AsOumiW the excretion to be er.?ire:~.> ek?cmentf. d and lC perccct of the

bcdy bur-.icnof h65 excreted in urine, the MM-Ch 1958 urinary excretion levels

of 17h and 342 micrcmicrocw:es I.ncgcct.sbcxi.ybur.icn,cquilibriwn body burden,

erd dnily intake as f’OLLIXT:

RONCEIAP

1954 ExpclsCi G!-aup Control Group (Unexposed :jjk)

Rody ~den (M8r.h l~5e): 280 in.c(t 49;) 51+0Uluc (f 90;)

Ewllibra”+d X@ Burden: 330 mc 650KuC

Kmily Intake: 21W uuc/’dny~ 4100uuc/dAy ;

percent Equllibmtion: 85. C percent 03.0 percent

The mean bcdy btmlen estimated frcm ~958 excretion analys4s for all Rong,eLap

mb.Jects shoved a tern.fold increase OVer the 1957 vhole bdy maou.mments. Tnis

imcrcaoc correlates @th tbc mtum of these people to Rongelap atnll frun

Ma,)uro. fiso tb 19s8 RongelEIptisj burdens arc cmpmble with the Utlrik

subjects in 1957, ~ the Utirik sub Jects b,odd have been in equilibrium in

1957 (half time of 110 days for the el~nation of zinc65).

The eat~katcd intake of :incCJ (2CCC to 40C0 uuc per by) can not be

UCounted for by .~b5 ~tivit~ k“ch reported in foodstuffs. Although tiliS

radio-nucllticreportedly accnunts for a Ie.rgefraction of the total activity in

fish, tti$ mo~~t~ tO n~y @-bOuts= IJUCcer pored of mu.$cleup to 75 uuc ~r

pound os vbole fish (z) Or at DKJStfour percent of the estktcd intaY.e.

CONCLUSIONS

Since resettlement nf the N6rshallese p.sopleon Rongelap atoll iQ JULY 1957,

the urinary excrctlon level of ccslur.137 ~ incma~ed abmt 140 fnld ~~d about

#AnGuming 103 percent absorption frm t’m 01 ‘Tract

i
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20 fola for ntrmti#. Zinc65 was xadily detected in smplen frm the l.lm-ch

1958 rrdica.1.S-y.
I

The eatinated mean bcxiybtien at equilibriumfor ceeim lY iS about 1.5

aicrcwurieaor abut L/6 of the tolernnce ret-tied by tbe Dxtcrnntlonal

Camlssion for Radiological Protection for non-indust-rialpopulations. For

~tm:,,.im?o the ~m b~ blfien of the expcsed Ron&lap ErOuP in March 1958 ‘s

estti.’.?6to be t.o m.illiadcmaries. This is about nine ~rcent of the expect-cd

equiljl::u5 vmlue of 23 mlllticrocurles. ~ e$tii>rated strcmtiu#O “burden

iS abo~t l/5 of tolcmncc. The estlx.atidxan boiy burden of zinc65 for

%ngel ‘:.:17 $T,!::X-CQl?~8 is about 85 percent of the equilibration value

of C.c .,cmcu: ies d the equilibration vflue is 1/70 of tolerrmce.

‘(
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TABLX 2

SXC:?JYIW ILI’EIS OF URRi.Wi C2S?SJt+ n WJ ~ROKTIUN90

?3 TIE IWGHA.UE?>: DURI!IGMARCi 195?

b,lco IT.! 34.

3,ti4 lnl a.

2,075 d 1535.

.—. ——

?wrAL T,jwYLE
VOLLJTX

.

J,hcx .ti 62.

10,~Lkn d la.

2,7ccd :~8.

>,l+octi 103.

8,800.< 12C.

2,Tdo Id 3,759.

,..>,*L -1: 1,(93

I
I

ICYACT MATERIAL REMOVED

PRIVACYACT MATERIAL REMOVED

. ,~,,, ’.,,.,) ,,. ,.
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I

I

I
i
I
I

‘MBIJ j .

40
“w

‘3-’, P(YIASIL71 , ZIXCG), ad 07R01,TIUM90 DUF.12i0 MARCH1958 gEXCRETION LWEIS OF URL’iARY CEJIUh

/

CASE

su’tJ-m2 NO

,.

9

12

22

26

SEX

M

1:

F

F

M

M

F

M

M

F

M

1.!

u

41

~-l

23

21

lb

36

39 19

40 $

41 48

66 34

73 22

76 13

79 49

(=. ;

xii)

>“/00

(J’,’l+j

j52j

5915

258c

13(J

1740

2690

2665

4125

2665

1015

Amnr’ri

3717

442
PC71M.SIUM

@a K/l

1.0

0.”[

1.3

2.5

1.6

2.3

. .

O.g

--

1.4

.-

0.3

2.1

Cb,k ~l*ic~ “ 7i’RomlM9°

uuc/r@ UuC/l

2203 102

10J> 100

22p ‘L>>L

2357 345

27c6 225

14MI >:8

-- 15>

2615 14.!2

-- 1 0’/

16L4 22

_- 147

1$5031 237

1796 121

.

IUuc 1

l.~

3.8

1.>

6.0

2.1

1.2

NM

6.1

5.3

3.1

5.7

2.8

2.0

PRIVACYACT MATERIALREMOVED

-. ...... .. .
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CFSIW

W./l

7674

XxX3

;165

:342

7U23

10C7

333

ti,e

m

3J76

bi!@b

n36

(141

FkxA.S r.w
w K/l

0.3

78

:.9

l,k

3.6

:.1

:.+

0.7

3.3

1.2

1.7

L.9

0.9

0.3

1.5

~,~

...2

T MATERIAL REMob

1WIAC% ACT MATER\AL REMOVED

IE D

42165 0--49—,”]. z 26

,,
,);, l,!:
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CESIUM ’37 EXCRETION ( ~#c/LITER) *?

a ?5
00

li
w

II I [ I 1 I I i 1 i I [ I I 1

Fi@u-e 1. Excmtim Levels of Urinary ceaid~ nt Various ‘lWaes MWr &pmu-e
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STRONTIUM W EXCRETION (/_L/l C /LITER]

o
.- S ~

0 I 1 1 I 1 I I 1 I 1 r

1’

I I I kl [J I

t

z-l /+

I
Plgure 2. Excretion Levels of Urinary Stmntiu#W at Various *S MYer KXpOsUIW

,
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APPEFDIX

1, In th case of strontium ellminatfon, the foil- aeauuiptloneVere WLde:

e.. Tho population Lne returned to the contsubated atoll .s.t tlrm t = o,

with a zero strontiwmbcd.yburden.

b. T& papulatlon timorba & daily incmm?nt of x W, ti x la considered

to be a cmtarit iml.ependentof tti.

c. ‘rhomount of strontiv?dexcreted in the urine eueh day 1s sSven by

P(t) . ~k(t), where E(t) is tbe total excrctad by AU routas each day, ti k is

a cmstant independent of tire.

d. TM !mty is couside=d to be a two ccarpubent system, A @ B, vherc

A+ B-l. The excretion ratis for each ccxxpa~nt ~ & and b dsys -1

rcspectiwly. T& portion of E(t) excr.etodfrm each cmpa-tnent 18 proportioti

to the bu.nien~ in that Ccmpartlxnt. l’orcesium md zinc elimination

.3izll16rMempticm are -Zuuie, except that only ou c~amnt lo seamed.

LuM

e. Y7w:

e(t) 10 +.ota.letmntium body bmien at tim t in uc

8 (t) d G (t)aretheportions in each cmparttent
1 2

1(t) - El(t) + s2(t)

Cwlder~ each c~ nt aepemtely md dd.ing tbe results,

&. A%. El(t) - Ax -
~

kP1(t) . ~ . ~,

since E(t) = Ml + Bs
2

P(t)- ; (ml + bs2)

A-1
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equillbrim body burden M = MM s(t)

t -00

cl(t) = ~~ (, - .-at, . ; (1 . ,-btj

M-X(:*:)

.
WEAPONS ms~

-bt

p(t) -~~(l-e-at)+B (l-e -Wj .;(l-Ae-at-~ )

,. y. j ., eqtiibrim . * -: (1 - ●-a’) + : (1 - .-M)
A+D
ZL

A B
7. n(t) - w(t)~(l - e-at) +6(1 - C

-bt

A(l - c% + D (1 - C“bt)

3. x-

b. Ii .

kp(t)

A(l - C-at) + B(I - C-bt)

A+B
kp(t) E r . .

A(l - ● ‘==) + B(l - C-u’)

1345

f. The fol.lovlng vnlucs for ctrontium metabolismVCm obt~md f- %Tl~nt
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II. In the case of Ceelwcl d 2-:

F

s(t) = z (1 -e-at) + ~. ~-it

X 19 tie ddly accretionin uc/&8Y, and e.. 18 * body burden h uc ~t t . 0.

da

at=-- +x ”-~
- -E(t) + x

U(t) . E(t) - a

M. lin s(t) .

t-+cm

zk6~

x

.Soe-at+F (1 . e-at)J+x

a = 6.3X 10-3 *S-1 (tl/2 . ~c *S)

60
= 0.03Uc

Ceslun137

0 = 4.6 X lc-3 days-l (tl/2 = ljo ~y~)

s 0 =0

be urinc+y/feed ratio of

eatirstcs of bc-iyburden are

——._ —.

k-lo

k.i#

mdiocesiu for huann subjects

too lcv by about 20 percent.

A-3

la about 5/1, BO that
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